Abstract: During the last glacial maximum of east-central Ellesmere Island, trunk glaciers inundated the landscape, entering the Smith Sound Ice Stream. Accelerator mass spectrometry (AMS) dates on individual shell fragments in till indicate that the ice advanced after 19 ka BP. The geomorphic and sedimentary signatures left by the trunk glaciers indicate that the glaciers were polythermal. The configuration and chronology of this ice is relevant to the reconstruction of ice core records from northwestern Greenland, the history of iceberg rafting of clastic sediments to northern Baffin Bay, the reopening of the seaway between the Arctic Ocean and Baffin Bay, and the regional variability of arctic paleoenvironments. Deglaciation began with the separation of Ellesmere Island and Greenland ice at fiord mouths 8-8.5 ka BP. Ice reached fiord heads between 6.5 and 4.4 ka BP. Trunk glacier retreat from the fiords of east-central Ellesmere Island occurred up to 3000 years later than in west coast fiords. This later retreat was favoured by (1) impoundment by the Smith Sound Ice Stream in Kane Basin until~8.5 ka BP, which moderated the impact of high summer melt recorded in nearby ice cores between~11.5 and 8.5 ka BP; (2) the shallow bathymetry and narrowness (<2 km) of the east coast fiords, which lowered calving rates following separation of Innuitian and Greenland ice; and (3) the likelihood of higher precipitation along east Ellesmere Island. Glaciers throughout the field area readvanced during the late Holocene. The greater advance of coastal glaciers is attributed to their proximity to the North Water polynya in Baffin Bay.
Introduction
Princess Marie and Buchanan bays, and their tributary fiords, extend 100 km from Kane Basin to the Agassiz Ice Cap and Prince of Wales Icefield. This constitutes the largest embayment on east-central Ellesmere Island (Fig. 1) . Blake (1977 Blake ( , 1992a Blake ( , 1992b reported a vigorous outflow of late Wisconsinan ice from this fiord system that was deflected southward by the Smith Sound Ice Stream debouching from Kane Basin to Baffin Bay (Blake 1992a; Blake et al. 1996 ; Fig. 1 ). Recent paleogeographic maps show Holocene retreat of formerly coalescent Greenland and Innuitian ice along the length of the seaway separating Greenland and Ellesmere Is-land (England 1998 (England , 1999 . This paper adds to the history of the Smith Sound Ice Stream, especially the decoupling of Ellesmere Island trunk glaciers. The configuration and chronology of this ice is relevant to the reconstruction of ice core records from northwestern Greenland, the history of iceberg rafting of clastic sediments to northern Baffin Bay, and the reopening of Nares Strait, reconnecting the Arctic Ocean to Baffin Bay. Furthermore, glacier mass balance on southern Ellesmere Island today displays a strong asymmetry on opposite sides of the Ellesmere Island ice divide. Glaciers facing Baffin Bay (to southeast) receive much higher precipitation than those facing westward from Ellesmere Island, toward Eureka Sound (Fig. 1) . The deglaciation of Princess Marie and Buchanan bays provides the opportunity to determine whether this asymmetry also operated during the early Holocene Epoch.
Glacial landforms and raised marine sediments are widespread throughout Princess Marie and Buchanan bays. This contrasts sharply with fiords elsewhere in the Canadian High Arctic, where evidence of late Wisconsinan retreat of trunk glaciers is scant (England 1976 (England , 1996 Hodgson 1985; Lemmen et al. 1994) . Our objectives are (1) to interpret late Quaternary ice dynamics and basal thermal regimes, (2) to extend the maps of ice retreat from Nares Strait toward the central Ellesmere Island ice divide, (3) to compare that retreat with the retreat in adjacent fiords of western Ellesmere Island (Bell 1996; Ó Cofaigh 1998; Ó Cofaigh et al. 1999) , and (4) to document the pattern of postglacial emergence.
Field area
The field area is characterized by ice-covered mountains that abut a dissected plateau that descends eastward to Kane Basin, where it is~460 m above sea level (asl; Fig. 2 ). The mountains reach~2300 m asl, and are occupied by the Prince of Wales Icefield and the Agassiz Ice Cap (Fig. 1) . Sverdrup Pass separates these icefields, transecting Ellesmere Island from east to west (~70 km). The plateau is incised by fiords aligned with the geologic structure (E-W).
The mouths of Princess Marie and Buchanan bays are 15-20 km wide whereas their tributary fiords narrow to <2 km (Fig. 3) . Princess Marie and Buchanan bays reach depths of 300-500 m (Canadian Hydrographic Service 1976); depths for the tributary fiords are unknown. Islands at the mouths of several tributary fiords mark prominent sills. Shallow water inland of the sills is indicated by expansive progradation of Holocene deltas (Fig. 4) .
The southern half of the field area ( Fig.1 ) rests predominantly on the Canadian Shield (granite, gneiss, and metasediments; Frisch 1988) , whereas the north half rests on Paleozoic sedimentary rocks (carbonate and sandstone; Trettin 1989) .South of Buchanan Bay, tidewater glaciers occupy~70% of the coastline due to the proximity of the North Water polynya and high orographic precipitation on adjacent mountains (Koerner 1977 (Koerner ,1979 . This coastline receives the highest precipitation in the Queen Elizabeth Islands (~300 mm, Alt and Maxwell 1990) , but precipitation progressively diminishes towards the northwest. Conse- (Fig. 3) , viewed from the NE. This relief typifies the western third of the field area. (b) View to NW across the central part of the dissected plateau that extends eastward from the mountains (background) to Kane Basin (~50 km to right of viewer). Contact between sedimentary rock (light grey above) and Precambrian crystalline basement (dark grey below) is marked by white arrows on Bache Peninsula. quently, the equilibrium line altitude (ELA) is 500 m asl in the southeastern part of the field area, but rises inland tõ 900 m asl around the fiord heads (Miller at al. 1975; Koerner 1977) . Most peninsulas are ice free, however, small ice caps occur >700 m asl.
Field observations

Lateral meltwater channels and erratics
In Arctic Canada, lateral meltwater channels are the predominant signature of cold-based ice, because surface meltwater is commonly shed to valley sides where erosion is concentrated (Dyke 1993) . Throughout the field area, lateral meltwater channels cut in bedrock are widespread, closely spaced, and prominent (metres deep and hundreds of metres long). Together with erratics, the uppermost channels provide a minimum estimate on former ice extent and thickness, whereas lower channels record the pattern of subsequent retreat.
Throughout the fiords, lateral channels occupy all terrain from upland summits to marine limit and are commonly fiord-parallel (Fig. 3) . For example, lateral channels cut in rock extend downslope from the crest of the interfluve separating inner Flagler Bay from Sandola Creek (Fig. 4) . To the south, lateral channels above Jokel and Beitstad fiords reach 760 m asl, where they extend beneath the margins of modern ice caps (Fig. 3) . Elsewhere, meltwater channels surmount all peninsulas in the outer fiords (Figs. 3 and 5 ).
On eastern Bache Peninsula (Fig. 3) , granite and sandstone erratics are widespread. Granite erratics are most abundant in the south, whereas red sandstone erratics increase to the north. The red sandstone erratics are derived from the head of Copes Bay, where the Parrish Glacier Thrust Fault trends northeast. Red sandstone is also common north of Princess Marie Bay, whereas granite erratics are restricted to the outermost coast (England 1996; Gualtieri and England 1998) .
Along the eastern edge of Bache Peninsula, fiord-parallel meltwater channels are deflected southward. A similar southward deflection of meltwater channels occurs above the outer south shore of Buchanan Bay (Fig. 3) . This deflection continues to Cape Herschel (Fig.3) , where meltwater channels parallel the coast and are aligned with prominent glacial bedforms and striae on Pim Island (Blake 1977 (Blake , 1992a (Blake , 1992b .
Lateral meltwater channels and moraines formed later in deglaciation display two configurations: (1) nested, fiordparallel channels recording westward retreat of trunk ice and (2) nested channels extending up valleys to peninsula interiors, recording the radial retreat of plateau ice caps (Fig. 3) . The contact of these two sets is recorded on the south shore of Bache Peninsula (site A, Fig. 3 ). Elsewhere on Bache Peninsula, the radial retreat of local ice is conspicuous in several valleys (sites B and C, Fig. 3 ).
The orientation of low-elevation lateral channels around the constriction of central Bache Peninsula (site D, Fig. 3 ) (Fig. 3) . Lateral meltwater channels (white barbed lines) cut into rock extend from the interfluve (>600 m asl) between Flagler Bay and lower Sanddola Creek to marine limit (locally 55 m asl). Similar meltwater channels are conspicuous within Sverdrup Pass. Radiocarbon dates (ka BP) are shown with site locations in brackets (see Fig. 9 and Table 2 for identically numbered sites). Note, progradation of delta from Sanddola Creek into Flagler Bay. Photos A16779-69 and 70, © (1959) Her Majesty the Queen in Right of Canada, reproduced from the collection of the National Air Photo Library, with permission of Natural Resources Canada. Table 1 and shown on Fig. 8 ). During deglaciation, ice from Flagler Bay flowed SE via the through valley (centre of photo) coalescing with ice in Hayes Fiord that terminated at Knud delta (lower right of photo). A prominent moraine (black, beaded line) extends from the through valley to Knud delta. This delta and adjacent beaches at tip of peninsula mark marine limit at 80-83 m asl, dated~7.3 ka BP (labelled in white letters with site numbers in round brackets designating Holocene ages listed in Table 2 show increasing topographic control as trunk ice in Princess Marie Bay and Flagler Bay thinned and separated. The lowest lateral channel along the inner south shore of Princess Marie Bay descends to marine limit and has a surface gradient of~17 m/km.
Continued retreat of the Flagler Bay and Hayes Fiord trunk glaciers from eastern Knud Peninsula is marked by meltwater channels and low moraines descending from the peninsula's central axis (Figs. 3 and 5) . Twenty kilometres farther west, lateral meltwater channels extend diagonally across Knud Peninsula from Flagler Bay to Hayes Fiord via a large through valley (sites E and F, Fig. 3 ). The lowest channel and adjoining moraine extend 10 km farther east along Hayes Fiord, terminating at the "Knud delta" (~80 m asl, Figs. 5 and 6). The profile of this former ice margin has a gradient of~14 m/km (Fig. 6A ). Subsequent retreat of Flagler Bay trunk ice from the northwestern end of the through valley deposited moraines that impounded proglacial lakes (site E, Fig. 3 ). Meltwater channels and moraines near the fiord heads become increasingly ornate as trunk ice and upland ice became increasingly confined by topography. Several moraines along Flagler Bay are close to marine limit and have near-horizontal profiles for >5 km (site G, Fig. 3 ).
Chronology
Ninety radiocarbon dates on marine shells are available from till and ice-contact marine deposits. The chronology of ice buildup is best constrained by radiocarbon dating of individual shells incorporated in till (Table 1) . Ice retreat is constrained by radiocarbon dating of shells collected from widespread ice-contact deltas or associated glaciomarine sediments (Table 2 ). Complementary observations and radiocarbon dates published previously by Blake (1984 Blake ( , 1985 Blake ( , 1987 Blake ( , 1988 Blake ( , 1991 Blake ( , 1992a Blake ( , 1992b Blake ( , 1993a and England (1996 England ( , 1999 are also cited.
Bedrock platform
Around the head of Princess Marie Bay, including the tip of Cook Peninsula, a submerged bedrock platform (Fig. 7) fringes the coast for several kilometres. The platform cuts across the geological structure, is hundreds of metres wide, and is marginally submerged (<3 m) at low tide. The extent of the platform in the field area is unknown, however, it is also evident along the south shore of Alexandra Fiord. The platform is provisionally interpreted to record a former interglacial (Sangamonian?) shoreline. If so, this implies that relative sea level in the outer fiords is now similar to that of this previous interglacial, though emergence appears to be ongoing. A similar rock platform, interpreted to be of interglacial age, has been observed for >100 km along southeastern Devon Island (A.S. Dyke, personal communication, 2000) . Its counterpart along the adjacent coast of northern Baffin Island is striated and overlain by stoney mud (6 m asl) containing shells dated >35 ka BP (GSC-4892, A.S. Dyke in McNeely and Jorgensen 1991). Alternatively, the rock platform reported here would have to be modern because relative sea level has fallen (~80 m) throughout the Holocene. Although emergence has slowed during the last few thousand years, examples of earlier rock platforms were not observed upslope.
Ice buildup
Little is known about the growth of the Innuitian Ice Sheet (England 1999; Dyke 1999) . Pre-Holocene radiocarbon dates from the field area constitute maximum age estimates on ice buildup (Table 1 Table 1 ). The truncated surface of the foreset beds can be traced to 17 m asl, a minimum estimate on relative sea level during progradation of the delta.
The most constraining dates on the last ice buildup were obtained on three shell samples collected from till and outwash bordering Flagler Bay (Fig. 8) . A whole valve of Astarte borealis, collected from till in the through valley above Flagler Bay (Fig. 5 Note: ML, marine limit; n.a., not available. a Laboratory designations: Beta, Beta Analytic; TO, IsoTrace Laboratory; Ua, Svedberg Laboratory. Dates on marine shells from this study were normalized to δ 13 C = -25‰ and corrected for a marine reservoir age of 410 years. Dates reported by Blake (1992a, TO and Ua) were corrected to δ 13 C = 0‰. A reservoir correction of 410 years is equivalent to a fractionation correction to a base of δ 13 C = 0‰. Quoted errors represent 1 standard deviation (68% probability). b Date is a conventional radiometric determination. c Location of site 14 is shown on Fig. 1 (*) . Table 1 . Pre-Holocene, AMS radiocarbon dates (see Fig. 8 a Laboratory designations: Beta, Beta Analytic; GSC, Geological Survey of Canada; TO, IsoTrace Laboratory; UL, Université Laval. Laval radiocarbon dates are uncorrected for 13 C fractionation, and this builds in an effective reservoir correction of 400 years. All other dates on marine shells from this study were normalized to δ 13 C = -25‰ and corrected for a marine reservoir age of 410 years. Hence all dates are directly comparable. Quoted errors represent 1 standard deviation (68% probability).
b Date is based on shells suspected to contain a mixture of "old" and Holocene ages c Indicates an AMS determination, all other Beta dates are conventional radiometric dates, as are all GSC and UL dates. All TO designations are AMS dates.
single shell fragment collected from bedded sand distal to moraines deposited by Flagler Bay ice dated 22.5 ka BP (TO-5858, site 4b, Table 1 and Fig. 8) . A second fragment from the same sample dated 38.1 ka BP (Beta-119909; site 4a, Table 1 ). In the vicinity of Cape Herschel (Fig. 3) , dates obtained on shelly till are as young as 28.6 and 28.9 ka BP (TO-228 and 1268, sites 1c and 11c, respectively, Fig. 8 ; Blake 1992b). A similar age was obtained on shelly till at the mouth of Franklin Pierce Bay (27.3 ka BP; site 12, Fig. 8 ; Table 1 ).
Deglaciation
Widespread ice-contact deltas record the retreat of both trunk glaciers and plateau ice caps. Where deltas are absent, marine limit is commonly marked by a beach or washing limit at similar elevations.
Elevation and gradient of marine limit
Contours on marine limit trend N-S and decline westward (Fig. 9) . Marine limit is lowest in the southwest (~34 m asl), where Beitstad and Jokel fiords penetrate far inland (Fig. 9) . The highest marine limit reported on east-central Ellesmere Island (135 m asl, Blake 1992a) occurs above Herschel Bay (adjacent to Cape Herschel, Fig. 1 ). We did not observe a shoreline at this elevation, but rather noted steeply descending glaciofluvial outwash within a former spillway of nearby Jewel Glacier (Fig. 9) . The outwash terminates at an active scarp (117 m asl) overlooking Herschel Bay and the scarp is taken to be a maximum estimate on marine limit (England 1997) . Similar outwash on the north shore of Rosse Bay was surveyed at 127 m asl (Fig. 9) , however; the origin of this surface (outwash vs. marine shoreline) is uncertain. At Cape Albert, Bache Peninsula (site B, Fig.3 ), the westward retreat of local ice deposited a gravel fill that marks marine limit at ≤116 m asl (Fig. 9) . Elsewhere the highest shells of Holocene age (108 m asl) are associated with a former sea level at ≥110 m asl (north shore Rosse Bay; Blake 1992a). This closely corresponds with an ice-contact delta (109 m asl), 13 km to the north (Fig. 9) .
Age of marine limit
The locations of dated Holocene shell samples are presented in Fig. 10 and are listed with corresponding site numbers in Table 2 . Thirty-eight 14 C dates (of 68) listed in Table 2 are new. Like the descent of marine limit westward across the field area, most 14 C dates also decrease westward from Kane Basin.
The oldest reported Holocene shells occur at Herschel Bay, where marine silt (11 m asl) lies distal to the outwash scarp (117 m asl). Shell samples from the silt range from 8.9 to 9.0 ka BP (Blake 1992a; site 2, Fig. 10 and Table 2 ). Continued ice retreat to the north end of Rosse Bay is recorded by surface shells (108 m asl) that date 8.5 ka BP (site 5, Fig. 10 ; Blake 1992a). On Pim Island, Blake (1985) reports a date of 9.4 ka BP on aquatic moss from a sediment core of Proteus Lake (site 3, Fig. 10 ; Table 2 ).
With the exception of two surface samples (16.7 and 8.5 ka BP, Blake 1984) from the outer south shore of Alexandra Fiord (site 6, Fig. 10 ), all dates within Buchanan Bay are ≤8 ka BP. Many of these dates record the entry of the sea in contact with retreating trunk glaciers. Four locations highlight the richness of this sedimentary record. Location 1 is the prominent Knud delta deposited along the margin of trunk ice at the mouth of Hayes Fiord (Figs. 5 and 6 ). This 80 m delta closely corresponds with marine limit measured around the tip of Knud Peninsula constrained by shell dates of 7.3 ka BP (Blake 1988 ; sites 16 and 17, Fig. 10 ; Table 2 ). Shells collected at~30 m asl on the distal face of the Knud delta provided a bulk age of 6.8 ka BP (site 23, Fig. 10 ; Table 2). This is clearly a minimum age estimate for the delta as indicated by two AMS dates on individual valves from the same sample that were younger (6.7 and 5.8 ka BP, sites
Can. J. Earth Sci. Vol. 37, 2000 Fig. 7 . Oblique aerial view of submerged bedrock platform marked by light-toned area (marked by circled x's). The platform is submerged by 1-3 m, and sea ice (angular white blocks) are seen floating above it or grounded on its surface. The platform here extends~100 m from the shore, at the mouth of Copes Bay (north side, Fig. 3 ).
Fig. 8.
Site locations of pre-Holocene radiocarbon dates discussed in text. Site numbers correspond to dates listed in Table 1. Note that site 14 (Table 1) is located outside the field area, and is shown by asterisk, north of the head of Makinson Inlet (Fig. 1 ).
23b and 23d, respectively, Table 2 ). Location 2, at the head of Alexandra Fiord, displays abundant shells in topset beds of an ice-contact delta (Figs.11A, 11B ) dated 7.7 ka BP (site 13, Fig. 10 ; Table 2 ). Location 3 records the retreat of trunk ice from Princess Marie Bay to the mouth of Harmsworth Bay, where an expansive ice-contact delta (75 m asl; Fig. 11C ) contains shells in foreset beds dating 6.7 ka BP (site 26, Fig. 10 ; Table 2 ). Location 4 includes several icecontact deltas at the head of Flagler Bay (~50 m asl; Fig. 11D ), which are underlain by shells with two concordant dates of 5.9 ka BP (site 41a and b, Fig. 10 ; Table 2 ). Anomalously young radiocarbon dates associated with marine limit (Fig. 10) correspond to sites where meltwater channels record the retreat of plateau ice caps perpendicular to fiords (Fig. 3) . For example, along the outer north coast of Bache Peninsula, the retreat of ice into the interior is dated by shells 7.2 ka BP (site 18, Fig. 10 ; Table 2 ). Even younger ages (6.9-5.9 ka BP) were derived on outermost Bache Peninsula (sites 21, 22, 25, and 27, Fig. 10 ; Table 2 ) and on northern Thorvald Peninsula (~6 ka BP; sites 39 and 40, Fig. 10 ; Table 2 ). During the same interval, all trunk glaciers had retreated to inner fiords (Fig. 10 ).
Summary and Discussion
Ice dynamics and thermal regimes during the last glacial maximum
The entire landscape encircling Buchanan and Princess Marie bays was inundated by eastward-flowing glaciers emanating from Agassiz Ice Cap and Prince of Wales Icefield (Fig. 1) . Initially, this was supplemented by local ice that has left small cirques on some peninsula highlands (>600 m asl). Subsequently, the local ice was subsumed beneath a regional flow that eventually reached at least 760 m asl. Regional ice that overrode these uplands presumably was cold-based, as indicated by the preservation of the cirques. Erratics deposited across eastern Bache Peninsula are also consistent with a pervasive, eastward ice advance. On both coasts of outer Princess Marie Bay, red sandstone erratics record glacial erosion and transport from the Copes Bay area (Fig. 3) . The trajectory of erratics indicates a southeastward deflection of ice as it left Princess Marie Bay and entered Kane Basin. Lateral meltwater channels show a similar redirection from W-E within the fiords to N-S at their mouths (see southern Buchanan Bay, Fig. 3 ). This redirection is attributed to coalescence of fiord trunk glaciers with the Smith Sound Ice Stream (Blake 1992a) . The ice stream left lateral meltwater channels above Rosse Bay (Fig. 3) , and glacially abraded bedforms on Pim Island (Blake 1977) , aligned with Smith Sound. The uppermost lateral channels in the central parts of fiords (≥760 m asl) indicate that former ice thickness was at least 1160 m (assuming a water depth of~400 m in outer Buchanan Bay, Fig. 1 ). The maximum ice thickness at these localities may have been even greater, because it was tributary to the Smith Sound Ice Stream that is estimated to have had a minimum thickness of 1500 m around Pim Island (Blake 1992a) . Fiord glaciers initially would have overridden unfrozen marine sediments that would have served as deformable beds (Fisher et al. 1985; Alley 1989; Hart and Boulton 1991) . Convergent ice flow from surrounding highlands into these fiords also would have favoured warm-based ice and accelerated flow, promoting selective linear erosion (Sugden 1974) . Evidence for basal sliding, resulting in both erosion and deposition, is widespread along the length of the fiords where striated bedrock and fossiliferous till extend to at least 200 m asl and~1 km inland. Similar warm-based ice, confined to the central, longitudinal axis of modern outlet glaciers in the High Arctic, has been documented on Axel Heiberg Island (Blatter 1987; Blatter and Hutter 1991) . Blake (1993b) also recognized selective linear erosion during the last glaciation along the axis of Makinson Inlet (Fig. 1) . The fact that lateral channels are so widespread and closely spaced on the peninsulas above the abraded bedrock, indicates that intervening zones of cold-based ice dominated the uplands (Dyke 1993 , Ó Cofaigh 1998 . Consequently, within the fiords reported here, the transition from warmbased to cold-based ice is quickly encountered transverse to fiord axes.
On southwestern Ellesmere Island, Ó Cofaigh (1998) and Ó have shown that adjacent fiords display different depositional signatures resulting from different glacial thermal regimes. For example, some fiords contain thick deposits of interbedded fine-and coarse-grained, sub-aquatic outwash attributed to retreating warm-based ice (Stewart 1991) , whereas others contain little subaquatic outwash, but have widespread lateral meltwater channels attributed to cold-based ice . The geomorphic and sedimentary signatures of fiords on the east coast are not similarly divisible, because all of them were occupied by polythermal glaciers. This difference between east and west Ellesmere Island likely involves differences in glacier catchment area and fiord bathymetry (Ó Cofaigh et al. 1999) , as well as differing glacioclimatic regimes, i.e., those glaciers adjacent to Baffin Bay (the North Water polynya) are more maritime and those adjacent to Eureka Sound are more continental (Koerner 1977 ). It appears that this climatic differentiation prevailed during the last glaciation.
Deglacial isochrones and Holocene ice dynamics
Radiocarbon dates, marine limit gradient, and geomorphic evidence (moraines and meltwater channels) have been used to draw isochrones of ice retreat throughout the field area (Fig. 12) . Prior to 9 ka BP, convergent Ellesmere Island and Greenland trunk glaciers fed the Smith Sound Ice Stream. At 9 ka BP, the sea penetrated to Herschel Bay (Blake 1992a), while ice continued to occupy Kane Basin to the north (England 1999). Cosmogenic 36 Cl dates obtained on glacially abraded bedrock suggest that deglaciation had occurred on Pim Island by~10.4 ka (calendar years, Zreda et al. 1999) , which accords with the 14 C chronology based on shell dates. By~8 ka BP, the sea separated Ellesmere Island ice emanating from Buchanan and Princess Marie bays from ice occupying Kane Basin (Fig. 1) . This separation initiated calving along ice margins within Buchanan and Princess Marie bays (sites 10 and 11, Fig. 10 and Table 2 ). At the mouth of Alexandra Fiord, the date of 8 ka BP (site 10, Fig. 10 ) is given precedence for deglaciation over an older shell date of 8.5 ka BP (site 6, Fig. 10 ). The latter date is >500 years older than any other dated marine limit at a similar or higher elevation within Buchanan and Princess Marie bays, and it has a large uncertainty (±490 years, Table 2 ). Older shells reported from this valley (16.7 ka BP, Blake 1984; site 6b, Table 2 ) are presumed to record a mixture of ages (including Holocene). By 7.7 ka BP, trunk ice in Buchanan Bay had retreated to its inner north shore (site 12, Fig. 10) , and, to the south, the head of Alexandra Fiord had been deglaciated (site 13, Fig. 10 ) and colonized by Mya pseudoarenaria. Today, M. pseudoarenaria is a low arctic species restricted, in Canada, to eastern Hudson Bay and Dolphin and Union Strait (Dyke et al. 1996) . The species is regarded as a thermophile, and reached the head of Baffin Bay between 8.5 and 3.5 ka BP (Dyke et al. 1996) . Its occurrence at Alexandra Fiord (7.7 ka BP) is presently its northernmost reported range in Arctic Canada and it coincides with the ongoing blockage of Nares Strait to the north by Ellesmere Island and Greenland ice (until 7.5-8 ka BP, England 1999) . This blockage would have reduced entry of Arctic Ocean water to this coastline, favouring a warmer Baffin Bay. By 7.3 ka BP, most trunk glaciers were close to the mouths of the fiords tributary to Princess Marie and Buchanan bays (Fig. 12) . The 7.3 ka BP ice margin is documented by two dates collected below marine limit (80 to 83 m asl) around the tip of Knud Peninsula (sites 16a and 17, Table 2 ). The Knud delta (80 m asl, Fig. 6 ) is also placed along this isochrone (Fig. 12) . The prominence of the 7.3 ka BP ice margin around Knud Peninsula is likely due to stability provided by a conspicuous shoal marked by the Weyprecht Islands to the east (Fig. 3) . After 7.3 ka BP, 14 C dates on marine limit show progressive westward retreat, with all trunk glaciers occupying the inner fiords by 6-6.5 ka BP. Ice retreat inland of Jokel and Beitstad fiords, and Flagler Bay, occurred between 5.5 and 5 ka BP (sites 45, 48, and 49, Figs. 10, 12) .
Throughout the fiords, deglaciation is recorded by lowgradient lateral channels along trunk glacier margins (≤17 m/km) and by near-horizontal moraines (≤5 km long) adjacent to marine limit at several localities. These profiles suggest that the termini of trunk glaciers formed small ice shelves. The abundance of moraines just above marine limit could record the final occupation of the fiords by warmbased ice that was debris-rich. Alternatively, the moraines could simply be the product of increased exposure of land during the final stages of deglaciation that would have favoured increased mass wastage and sediment entrapment along ice margins.
During the retreat of trunk glaciers, remnant ice caps also retreated on the plateaus of Cook, Bache, Knud, and Thorvald peninsulas (Fig. 12) Fig. 10 ). Provisional isochrones show plateau ice persisting until 5.5-6 ka BP, which is considered a conservative (maximum) estimate based on low and (or) dated sea levels associated with late ice at other localities discussed above. Nevertheless, two 14 C dates on basal lake sediments collected on outer Bache Peninsula ("Cliff Edge Pond," 9.1-8.3 ka BP, Blake 1987; site 1, Fig. 10 ) and southern Knud Peninsula (6.2 ka BP, Blake 1988; site 35, Fig. 10 ) suggest that some sites may have been deglaciated earlier than shown (Fig. 12) . Alternatively, these dates on bulk organics are older than their enclosing sediments.
The isochrones show a systematic change from SE to NW in relation to modern ice margins (Fig. 12) . In the southeast, modern glaciers in Rosse Bay are at or beyond the 8 ka BP isochrone, while at the head of Alexandra Fiord, glaciers flank the 7.5 ka BP isochrone (Fig. 12) . The juxtaposition of modern ice margins with progressively younger isochrones occurs towards the northwest. For example, the 5.5-6 ka BP isochrones lie beyond most glaciers at the western side of the field area (Fig. 12) . At one site, however, shells dated 6.5 ka BP occur inside the margin of Parrish Glacier, at the head of Copes Bay (site 29, Fig. 12 , Table 2 ), indicating a local readvance of at least 2 km since that time (Blake 1993a) . This contrasts with a high plateau (~700 m asl) west of Flagler Bay that remains ice free inside the 5.5 ka BP isochrone. Collectively, the isochrones show that there has been systematically greater ice buildup towards the southeastern part of the field area during the late Holocene.
The regrowth of ice reported here reinforces Koerner's (1977) observations on contemporary ice thickness in the region, which indicate differential thickening adjacent to the North Water during the late Holocene. Blake (1981 Blake ( , 1987 also identified a late Holocene readvance of glaciers in the same area, reporting redeposited shells dated 8.3 ka BP (GSC-3360) on a lateral moraine of Leffert Glacier, as well as shells dated 8.9 ka BP from nearby Alfred Newton Glacier (GSC-3103, Blake 1981) . Evidence that the readvance of Leffert Glacier occurred during the late Holocene is provided by dates on marine shells collected 18 km inland of the glacier's present margin. The youngest date obtained was 2.3 ka BP (GSC-3515, Blake 1989) . Because Sverdrup (1904) indicated that Leffert Glacier was~3 km farther east in 1899, the glacier must have readvanced at least 21 km, sometime after 2.3 ka BP. This explains why isochrones younger than 8 ka BP are missing around Johan Peninsula (Fig. 12) . Young shells of similar age (2.4 ka BP, GSC-2699, in Blake 1987) were collected by R.L. Christie from a moraine bordering a glacier at Cape Faraday (60 km south of Cape Herschel), indicating that this late Holocene readvance is more widespread, as proposed for southeastern Ellesmere Island (Blake 1981) .
The relationship between isochrones and modern ice margins also demonstrates that topography, as well as precipitation, has controlled the regrowth of ice. For example, strong regrowth of ice occurred during the late Holocene on mountainous Johan Peninsula (≤1400 m asl), whereas Bache Peninsula (450-600 m asl) was apparently too low for ice caps to be either reestablished or sustained, despite similar proximity to coastal moisture. Farther west, only the highest terrain on Knud Peninsula (~1000 m asl, Mt. Kola) supports small ice caps today.
Regional implications
The fiords of eastern and western Ellesmere Island show a strong contrast in their history of deglaciation. On western Ellesmere Island, a two-step pattern of ice retreat is recognized (Ó Cofaigh 1998 (Ó Cofaigh , 1999 England and Ó Cofaigh 1998) . The first step was characterized by rapid calving of marine-based ice throughout Eureka Sound (Fig. 1) , which gutted the centre of the Innuitian Ice Sheet by~9.3 ka BP. Retreat from Eureka Sound progressed to some fiord heads of western Ellesmere Island (> 100 km) by 8.8 ka BP, and commonly between 7.7 and 8.3 ka BP (Hodgson 1985; England 1992; Ó Cofaigh 1997 Ó Cofaigh , 1998 Ó Cofaigh , 1999 England and Ó Cofaigh 1998) . The second step (of ice retreat) involved the stabilization of land-based glaciers, after which the rate of net mass loss was reduced.
In contrast, the fiords of east-central Ellesmere Island do not record an initial stage of rapid retreat. This is demonstrated by comparing the deglacial histories at opposite ends of Sverdrup Pass, which transects the island (Fig. 1) . At the east end of the pass, ice retreated from Flagler Bay at 5.9 ka BP (site 41, Fig. 10 ), almost 3000 years later than it retreated from Irene Bay at the west end (8.8 ka BP, Hodgson 1985) . Furthermore, the rate of ice retreat from Kane Basin to the fiord heads of east Ellesmere Island was uniformly slow during the 3000 years that followed deglaciation of many west coast fiords. This asymmetrical retreat on opposite sides of the former Ellesmere Island ice divide appears to be a continuation of a similar, W-E asymmetry in the regional retreat of the Innuitian Ice Sheet. For example, initial retreat of Innuitian ice from the western arctic archipelago occurred ≥11 ka BP (Blake 1972) and it continued throughout Eureka and Nansen sounds between 10.3 and 9 ka BP (Ó Cofaigh 1998; England and Ó Cofaigh 1998; Bednarski 1998) . In comparison, the eastern sector of the Innuitian Ice Sheet remained in contact with the Greenland Ice Sheet throughout the interval 11 to 9 ka BP, occupying a relatively narrow seaway in mountainous terrain (Blake 1992a; England 1999; Smith 1999) . The greater vulnerability of the western sector of the Innuitian Ice Sheet was likely due to its occupation of open topography interspersed with marine channels, making it vulnerable to both increased ablation (as the regional ELA rose) and increased rates of calving during eustatic sea level rise. Consequently, the deglaciation of the west Ellesmere Island fiords represents the final phase of prolonged calving that ended only when ice margins became land-based. In contrast, trunk glaciers exiting the fiords reported here remained buttressed by the Smith Sound Ice Stream until~8.5 ka BP (England 1999) , after which calving ensued. Buttressing of the east Ellesmere Island trunk glaciers until~8.5 ka BP also would have helped to offset the impact of high summer melt rates reported from the Agassiz Ice Cap between~11.5 and 8.5 ka BP (Fisher et al. 1995) .
The subsequent, slow retreat of ice in the east coast fiords between~8 and 6 ka BP (Fig. 12) is more similar to that of the Laurentide Ice Sheet on eastern Baffin Island (~800 km to the south; Andrews et al. 1970; Miller and Dyke 1974; Andrews and Ives 1978) than it is to neighbouring western Ellesmere Island. The similarity of ice retreat between east Ellesmere Island and east Baffin Island might be attributed to their shared proximity to the Baffin Bay moisture source (Williams and Bradley 1985) . However, this climatic explanation is weakened by the glacial history of Makinson Inlet, southeastern Ellesmere Island (Fig. 1 ) which is~200 km closer to the North Water polynya than are Buchanan and Princess Marie bays (Fig. 1) . Inner Makinson Inlet was deglaciated by 9 ka BP (Blake 1993b) , indicating that enhanced precipitation from Baffin Bay alone cannot be invoked for slower retreat farther north. Rather, the slow retreat of trunk glaciers reported here is attributed, in part, to the shallow bathymetry (≤100 m) and constricted dimensions (commonly <2 km wide) of fiords inland of Buchanan and Princess Marie bays.
Slow ice retreat through the fiords of east Ellesmere Island also requires that ice-rafted detritus was supplied to northern Baffin Bay from glaciers overlying Paleozoic carbonate until at least mid-Holocene time. Andrews et al. (1998) have reported detrital carbonate layers from northern Baffin Bay sediment cores, and these may record the prolonged deglaciation reported here. Collectively, the style of glaciation and deglaciation throughout Buchanan and Princess Marie bays provides new data for improved glaciological, geophysical, and paleoclimatic modelling bordering Nares Strait and further refines its paleogeography (England 1998 , Zreda et al. 1999 .
